Materials and Methods

NO 3 --CIMS Quantification.
The concentration of gas-phase species X measured by the NO 3 --CIMS is quantified as 1 :
[ ] ℎ = × [2] where is a compound-dependent calibration coefficient for a given temperature and pressure with units of molecules cm -3 , • 3 − is the signal of the X⋅NO 3 -cluster, and the denominator is the sum of all reagent ions.
The calibration coefficient also includes signal loss due to diffusion-limited wall loss in the inlet tubing. This loss is included in the value of as a multiplicative factor:
where f inlet is the fraction of analyte that reaches the ionization source, and (1-f inlet ) is the fraction lost to the inlet walls via gaseous diffusion 2 . In this case, RT is the 200ms residence time of the analyte molecules in the ion/molecule reaction region, and represents the effect on the calibration coefficient from the amount of ion collisions in the charger. k ion is the rate coefficient for ion formation from the analyte.
The value of f inlet for the FIXCIT inlet was calculated to be ~7% using standard equations to calculate the loss of a species in a tube assuming laminar flow 2 . Inputs for this calculation include temperature (26C), pressure (98 kPa for a 252 m altitude in Pasadena, CA, USA), species diffusion coefficient for a model LVOC in air (~5 x10 -6 m 2 s -1 ) estimated using the SPARC calculator 3, 4 , sample tube inner diameter (0.00476 m), tube length (2m), and air flow rate of 5x10 -5 m 3 s -1 corresponding to the sample gas flow of 3 SLPM. This process assumes that these S3 species are of sufficiently low volatility that they are irreversibly lost to the walls (uptake coefficient of 1) and that there is no re-partitioning back to the gas-phase, 1 which is consistent with their behavior in the chamber as discussed elsewhere in this work. There is some uncertainty from this assumption, which is probably comparable with the uncertainty arising from the ion-molecule reaction rates. We also note that non-condensing species may also not be lost to the walls of the tubing. Thus we may overestimate the concentration of non-condensing species, but this is of no consequence to our analyses since these species do not contribute to the novel aerosol formation pathway discussed here.
The value of k ion was estimated experimentally from laboratory calibrations. Lowvolatility oxidized species were introduced into the NO 3 --CIMS via a heated diffusion cell and quantified via conversion to CO 2 by a heated platinum catalyst. The CO 2 was then measured using a LI-840A CO 2 analyzer (LI-COR). 5 The FIXCIT inlet was used in the calibrations to maintain the same f inlet values. Malonic acid (C 3 H 4 O 4 ) was the most sensitive organic compound tested and was used as the primary LVOC calibrant since it is thought to cluster at rates close to the collision limit 6 . The calibration factor calculated from Equation 3 using the malonic acid k ion measurements and FIXCIT f inlet of 7% is C = 7.9 x 10 10 molec. cm -3 . We apply the experimentally obtained value of C = 7.9×10 10 molec. cm -3 for malonic acid to all of the measured LVOC because it has the highest sensitivity and therefore provides a lower bound on the LVOC concentrations. For comparison, the calibration factor calculated for sulfuric acid, which charges at a collision limited rate in the nitrate source, 7 is within 11 % (C LVOC of 7.0×10 10 molec. cm -3 , using k ion value of 5×10 9 molec. cm -3 from previous work 8 and our calculated value of f inlet = 0.07) of the calibration factor calculated for malonic acid in this work.
The assumption that all the detected LVOC species cluster with the reagent ion at or close to the S4 collision limit is dependent on the LVOC having highly oxidized functional group contributions (e.g., hydroxyl and hydroperoxy) resulting in large dipole moments and polarizabilities, which is consistent with their measured elemental compositions and condensing behavior (discussed below). 9 To track system stability and repeatability, a signal calibration was performed periodically, before or after experiments, by flowing a steady concentration of diethylene glycol (DEG) for several minutes, which was quantified using a catalytic converter and CO 2 analyzer following the method of Veres et al. 5 The instrument showed excellent stability and repeatability.
Fragmentation and clustering are not thought to play a significant role in the detection of LVOC. First, previous work has shown that formation of water clusters is not a preferred pathway in the ionization process. 10 Second, the NO 3 --CIMS efficiently measures oxidized dimers and trimers. 11 No dimers or trimers were detected and thus it is very unlikely that the LVOC are fragments of larger molecules. where O n and C m are the number of oxygen or carbon atoms, respectively, for a selected LVOC and [LVOC] n is the fractional contribution of each LVOC to the total condensed LVOC signal.
The [LVOC] n were assigned based on the percent mixing ratios observed lost to the aerosolphase (as shown in Figure 2b ). A similar equation was used for the elemental hydrogen to elemental carbon ratio, H:C:
where H n and C m are the number of hydrogen and carbon atoms, respectively for a selected LVOC.
A Monte Carlo simulation was performed to estimate the uncertainty of the O:C and H:C bulk elemental ratios for gas-phase organics measured by the NO 3 --CIMS. We assumed a relative uncertainty in the calibration factors between different LVOCs of 100%. In each run of the Monte Carlo method, the concentration of each LVOC was scaled with a random sensitivity consistent with the estimated uncertainty, and then used to calculate the weighted average O:C and H:C ratios. The simulation was run 100,000 times ( Figure S13 ) and the value of the 2σ deviation for each bulk elemental ratio was used as the uncertainty.
Kinetic Box Model Details. Hydroxyl radical (OH) concentrations in the chamber were estimated using the observed decay rate of ISOPOOH and its published reaction rate with OH.
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The aerosol uptake rate was modeled using the following equation:
where ̅ is the mean speed of LVOC molecules in the gas-phase, is the uptake coefficient, and is the aerosol surface area. 14 Because the particles are small (< 50 nm), the correction for the transition regime is small and can be neglected. 14 Aerosol surface area was not measured for this experiment, so this quantity was estimated from measurements of a non-seeded, low-NO isoprene+OH oxidation experiment carried out on a different date with similar conditions in the same chamber. The total aerosol surface area time series in the model was reduced using the S6 surface-area-to-mass ratio (
power relationship) to account for the lower amount OA observed in this FIXCIT experiment. A loss rate for gas-phase species to the walls (k wall ) is also included in the model. As a first guess we utilize a value of 0.002 s -1 , which was taken from previous modeling of the Caltech chamber, 15 and this value is optimized with the model. It is important to note that it is not possible to experimentally determine wall uptake coefficients larger than ~6×10 -6 from chamber experiments. 16 Wall loss rates for gas-phase species determined by the model were used to correct all SOA formation yields presented in this work.
The loss rate for organic aerosol to the chamber walls (2.5×10 -4 s -1 ) was constrained from the observed AMS SOA signal decay after the end of the photochemistry, which agrees with typical values for the particle sizes expected in this experiment for the Caltech chamber. 17 While the particle loss rate has a dependency on particle size, we estimate the range of particles observed in the AMS to be of a narrow size range from 50 to 150 nm. Particles smaller than 50 nm are not detected by the AMS and the particles are likely not larger than 150 nm because there is so little mass in this experiment. This would result in a variation of the particle wall loss rate of the order of a factor of 1.5 at most, for any realistic size distribution. 18 This is similar or smaller than the uncertainty in other parameters. Because the structures of LVOC are relatively similar to IEPOX (and do not contain double bonded carbon atoms), the loss rate for LVOC via reaction with OH is assumed to be similar to those of IEPOX with OH (0.8 -1.5 ×10 -11 cm 3 molec -1 s -1 , isomer-dependent). 19 The integrated reaction rates are a few percent of the LVOC loss rates via aerosol formation or deposition to the chamber walls and are therefore not included in the model.
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Some of the LVOC may contain hydroperoxide groups that are susceptible to photolysis.
We can estimate their photolysis lifetime as 4.1 days using the chamber light intensity and spectrum, and the absorption cross section of hydroxymethylhydroperoxide (HHMP, HOCH 2 OOH) as a surrogate species of similar functionality. 20 This results in a decay of 2% over the course of our experiment. Since the functional group composition of each LVOC is not precisely known and the photolyzed fraction of hydroperoxides is very small, photolysis is neglected in our model. using the statistics of nonlinear regression. 21 We obtain 95% confidence limits on the model parameters by:
We estimate the covariance matrix (inverse Hessian) for the fitted model parameters as:
where Cov(m L2 ) is the covariance matrix for a the model results linearized about m L2 , s is the measurement standard deviation, and J(m L2 ) is the Jacobian matrix (dr/dm) of the residual vector r, calculated about the least-squares solution m L2 using finite differences.
PMF analysis of ambient AMS data during SOAS. We obtained a time series of ambient ISOPOOH-SOA in the SOAS dataset by using the constrained positive matrix factorization (PMF) method as implemented in the multilinear engine (ME-2) software. In this analysis one of the factors extracted from the ambient organic data was constrained to have a mass spectrum that is similar to the FIXCIT ISOPOOH-SOA AMS spectrum. The theoretical principles of PMF ME-2 are described by Paatero. 22 ME-2 was run via the SoFi interface, v.4.6. 23 For the ME-2 setup, a range of a-values between 0 -0.3 (fully constrained to partially constrained) were tested.
We found clear and consistent time series of ISOPOOH-SOA in these different cases. We could not extract an ISOPOOH-SOA component in the free-PMF source apportionment, likely due to the low abundance of this factor (~2%) in the total OA being below the estimated detection limit of PMF (~5%). 24 Other sources of OA, including isoprene epoxydiols-derived SOA (IEPOX-SOA), monoterpene-derived SOA, and biomass burning OA (BBOA), are also resolved out concurrent with ISOPOOH-SOA, consistent with published PMF results for this study and site from another group.
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Discussion of the Potential Impact of the Impurities in the ISOPOOH Standard
As discussed in the main paper several additional OVOCs were introduced in the chamber together with ISOPOOH, at a molar rate of 7% to ISOPOOH. For several reasons, we believe that it is improbable that the majority of LVOC and resulting SOA produced in this S9 experiment arose from the impurities rather than the 4,3-ISOPOOH itself. First, the yield of SOA from all species in this experiment is ~4.2%. The LVOC that condense are not the contaminants themselves, since they are only observed when the UV lights are turned on and photochemical oxidation is active. Therefore, the contaminants would have to have SOA yields of ~60% in order to explain all the SOA formation. There are no known 4 or 5 carbon organic species that have an SOA yield of ~60%, and it is extremely unlikely that most of the diverse molecules comprising the impurities could have such high SOA yields. With a more typical SOA yield comparable to that of ISOPOOH, the contribution of the impurities to be observed SOA would be minor.
The likely major oxidation product of the tentatively-identified 2-carbonyl-3-methyl-3-butane-1-ol impurity (Fig. S2 ) has an estimated vapor pressure (Table S3) The C 5 H 12 O 5 LVOC signal also is a possible product of from the tentatively-identified 3-methyl-3-butane-1,2-diol impurity (Fig. S2) . The molar yield of a C 5 H 12 O 5 product could be ~60% from the impurity, based on structure-reactivity relationships. 27 Since this impurity is present at a level of ~1% of ISOPOOH and is estimated to react with OH at a similar rate, we can derive an upper limit yield of 0.6% as the molar ratio of the C 5 H 12 O 5 arising from the contaminant. Thus the SOA yield may be lower by that amount, assuming the identification, mechanisms, and estimated volatility of the products of this impurity are correct. We note that if S10 that is the case, this 4,3-alkene-diol would represent a unique case of a C5 species with a phenomenal 60% SOA yield via condensation at OA levels below 1 µg m -3 , which is at least an order-of-magnitude larger than has been determined from any C5 species including isoprene and ISOPOOH, to our knowledge. In any case the reduction of the SOA yield arising from this potential correction is small compared to other uncertainties in the experimental and modeling system. The isomer that condenses is of low-volatility and is rapidly lost to the walls and aerosol as soon as the lights are turned off. The non-condensing isomer is slowly lost to the walls and accounts for the large amount of sum C 5 H 10 O 5 remaining at the end of the experiment. Note that the noncondensing isomer may be lost to the inlet less efficiently than the condensing isomer, and thus may have an overestimated concentration, but this is of no consequence for the SOA modeling. Table S2 . Kinetic box model initial conditions, reactions, and rate coefficients to reproduce the observed time-dependent behavior of C 5 H 10 O 5 . The non-condensing isomer of C 5 H 10 O 5 is denoted with a "nc" superscript, the condensing isomer with a "c" superscript. 32 Contributions are listed from: "N c ", the number of carbon atoms; "C=O", ketones and aldehydes; "OH," hydroxyl groups; "COOH," carboxylic acids; "OOH," hydroperoxyl groups; "CO(O)OH," peroxy acids; and "C=C," carbon-carbon double bonds. The impact of C* of aldehydes and ketones are only slightly different, so they were grouped together here for simplicity. 
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